BELLE-CONF-0750 
UCHEP-07-05 



Search for B Meson Decays to ujK*^ 

K. Abe,i° I. Adachi,i° H. Aihara,^^ K. Arinstein,i T. Aso,^^ V. Aulchenko,i T. Aushev,22.i6 t. Aziz,''^ 
S. Bahinipati,^ A. M. Bakich,''^ V. Balagura,!^ Y. Ban,^^ S. Banerjee,''^ E. Barberio,^^ A. Bay,22 I. Bedny,i 
K. Belous,!^ V. Bhardwaj,37 U. Bitenc/"^ S. Blyth,^^ A. Bondar,i A. Bozek,^! M. Bracko,^^' ^"^ J. Brodzicka,^° 
T. E. Browder,9 M.-C. Chang,-* P. Chang,30 Y. Chao,30 A. Chen,^^ K.-F. Chen,30 W. T. Chen,^^ B. G. Cheon,* 
C.-C. Chiang,30 R. Chistov,!^ I.-S. Cho,^* S.-K. Choi/ Y. Choi,*^ Y. K. Choi,''^ S. Cole,^^ J. Dalseno,^^ 
M. Danilov,i6 A. Das,"*** M. Dash," J. Dragic,i" A. Drutskoy,^ S. Eidelman,i D. Epifanov,i S. Fratina,*"^ 
H. Fujii,io M. Fujikawa,27 N. Gabyshcv,i A. Garmash,40 A. Go,^^ G. Gokhroo,''^ P. Goldenzweig,^ B. Golob,^^." 
M. Crosse Perdekamp,i2.4i h. Guler,^ H. Ha,!^ J. Haba,i° K. Hara,^^ T. Hara,^^ Y. Hasegawa,''^ N. C. Hastings,^^ 
K. Hayasaka,26 H. Hayashii,^^ M. Hazumi,!" D. Heffeman,^^ T. Higuchi,i° L. Hmz,22 H. Hoedlmoser,^ T. Hokuue,^^ 

Y. Horii,5i Y. Hoshi,50 K. Hoshina,^^ S. Hou,^^ W.-S. Hou,^" Y. B. Hsiung,30 H. J. Hyuii,^! Y. Igarashi,i° 
T. Iijima,26 K. Ikado,^^ K. Inami,^^ A. Ishikawa,'*^ H. Ishino,^^ itoh,i° M. Iwabuchi," M. Iwasaki,^^ y. Iwasaki,io 
C. Jacoby,22 m. Jones,^ N. J. Joshi,48 M. Kaga,^^ D. H. Kah,2i H. Kaji,^^ S. Kajiwara,^^ H. Kakuno,'52 
J. H. Kang,^^ P. Kapusta,^! S. U. Kataoka,^^ N. Katayama,*" H. Kawai,^ T. Kawasaki, A. Kibayashi,i° 

H. Kichimi,!" H. J. Kim,2i H. O. Kim,46 J. H. Kim,*^ S. K. Kim,^^ Y. J. Kim,^ K. Kinoshita,^ S. Korpar,24.i7 
Y. Kozakai,^^ P. Krizan,^^.!^ Krokovny,*" R. Kumar,^^ E. Kurihara,^ A. Kusaka,^^ Kuzmin,* Y.-J. Kwon,^^ 

J. S. Lange,^ G. Leder,*"* J. Lee,'^'' J. S. Lee,^^ M. J. Lee,^'* S. E. Lee,^'^ T. Lesiak,^! J. Li,^ A. Limosani,^^ 
S.-W. Lin,30 Y. Liu,6 D. Liventsev,!^ J. MacNaughton,i" C. Majumder,48 F. Mandl,!^ D. Maiiow,-*" 
T. Matsumura,26 A. Matyja,^! S. McOnic,^^ T. Medvedeva,*^ Y. Mikami,^! W. Mitaroff,!"* K. Miyabayashi,^^ 
H. Miyake,36 H. Miyata,^^ y Miyazaki,^^ R. Mizuk,!^ C. R. Moloncy,^^ T. Mori,^^ J. Mueller,^^ A. Murakami,^^ 

T. Nagaminc^i Y. Nagasaka," Y. Nakahama,^^ i Nakamura,i° E. Nakano,^^ M. Nakao,*° H. Nakayama,^^ 
H. Nakazawa,28 Z. Natkaniec,^! K. Ncichi,^^ S. Nishida,io K. Nishimura,^ Y. Nishio,^^ I. Nishizawa,^^ Nitoh,^^ 
S. Noguchi,27 T. Nozaki,io A. Ogawa,** S. Ogawa,^^ T. Ohshima,^^ S. Okuno,!^ S. L. Olscn,^ S. Ono,^^ 
W. Ostrowicz,3i H. Ozaki,io P. Pakhlov,!^ G. Pakhlova,!^ H. Palka,^! C. W. Park,46 H. Park,^! K. S. Park,^^ 
N. Parslow,"^ L. S. Peak,^^ M. Pcrnicka," R. Pcstotnik,*^ M. Peters,^ L. E. Piiloncn,^^ A. Polucktov,* J. Rorie,^ 
M. Rozanska,^^ H. Sahoo,^ Y. Sakai,*" H. Sakamoto.^o H. Sakaue,^^ T. R. Sarangi,^ N. Satoyama,*^ K. Sayeed,^ 
T. Schietinger,22 O. Schneider, p. Schonmeier,^* J. Schiimann,*° C. Schwanda,*^ A. J. Schwartz,-^ R. Seidl,*2,4i 
A. Sekiya,27 K. Senyo,^^ M. E. Sevior,^^ L. Shang,!^ M. Shapkin,!^ C. P. Shen,i3 H. Shibuya,^^ S. Shinomiya,^^ 
J.-G. Shiu,3" B. Shwartz,! J. B. Singh,^^ A. Sokolov,!^ E. Solovieva,!^ A. Somov,^ S. Stanic,^^ M. Staric,*^ 
J. Stypula,3i A. Sugiyama,'*^ K. Sumisawa,i° T. Sumiyoshi,^" Suzuki,^^ S. Y. Suzuki,*" O. Tajima,*" 
F. Takasaki,*" K. Tamai,*" N. Tamura,33 M. Tanaka,*° N. Taniguchi,^^ G. N. Taylor,^^ Y. Teranioto,^^ 

I. Tikhomirov,i6 K. Trabelsi,*" Y. F. Tse,25 T. Tsuboyama,*" K. Uchida,^ Y. Uchida,^ S. Uehara,*" K. Ueno,30 
T. Uglov,i6 Y. Unno,*^ S. Uno,*" P. Urquijo,^^ Y. Ushiroda,*" Y. Usov,* G. Varner,^ K. E. VarveU,^^ K. Vervink,22 

S. Villa,22 A. Vinokurova,! C. C. Wang,^^ C. H. Wang,^^ J. Wang,^^ M.-Z. Wang,^^ P. Wang,!^ X. L. Wang,!^ 
M. Watanabe,33 Y. Watanabe,i*^ R. Wedd,^^ J. Wicht,^^ L. Widhalm," J. Wiechczynski,^! E. Won,!^ 
B. D. Yabsley,"'^ A. Yamaguchi.^^ H. Yamamoto,'^^ M. Yamaoka,^^ Y. Yamashita,^^ M. Yamauchi,i° C. Z. Yuan," 
Y. Yusa," C. C. Zhang," L. M. Zhang,43 Z. P. Zhang,43 V. Zhihch,i V. Zhulanov,i A. Zupanc,i^ and N. Zwahlen22 

(The Belle Collaboration) 

' Budker Institute of Nuclear Physics, Novosibirsk 

^Chiba University, Chiba 
^University of Cincinnati, Cincinnati, Ohio 45221 
^Department of Physics, Fu Jen Catholic University, Taipei 
^ Justus-Liebig-Universitat Giefien, Gieften 
^The Graduate University for Advanced Studies, Hayama 
^ Cyeongsang National University, Chinju 
^Hanyang University, Seoul 
^University of Hawaii, Honolulu, Hawaii 96822 
^'^High Energy Accelerator Research Organization (KEK), Tsukuba 
Hiroshima Institute of Technology, Hiroshima 



2 



'^University of Illinois at Urhana- Champaign, Urbana, Illinois 61801 
'"^Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 
''^Institute of High Energy Physics, Vienna 
'^Institute of High Energy Physics, Protvino 
''^Institute for Theoretical and Experimental Physics, Moscow 
^'J. Stefan Institute, Ljubljana 
Kanagawa University, Yokohama 
Korea University, Seoul 
^"Kyoto University, Kyoto 
Kyungpook National University, Taegu 
^^Swiss Federal Institute of Technology of Lausanne, EPFL, Lausanne 
'"^'^ University of Ljubljana, Ljubljana 
^"^ University of Maribor, Maribor 
''^University of Melbourne, School of Physics, Victoria 3010 
^^Nagoya University, Nagoya 
^'^Nara Women's University, Nara 
National Central University, Chung-li 
National United University, Miao Li 
''^Department of Physics, National Taiwan University, Taipei 
'^^ H. Niewodniczanski Institute of Nuclear Physics, Krakow 
''"^Nippon Dental University, Niigata 
'^^Niigata University, Niigata 
University of Nova Gorica, Nova Gorica 
'^^ Osaka City University, Osaka 

''''Osaka University, Osaka 
"Panjab University, Chandigarh 
'^^ Peking University, Beijing 
"'^University of Pittsburgh, Pittsburgh, Pennsylvania 15260 

^'^Princeton University, Princeton, New Jersey 08544 
^'RIKEN BNL Research Center, Upton, New York 11973 
'^^Saga University, Saga 
'^''University of Science and Technology of China, Hefei 
Seoul National University, Seoul 
'^^Shinshu University, Nagano 
Sungkyunkwan University, Suwon 
^''University of Sydney, Sydney, New South Wales 
Tata Institute of Fundamental Research, Mumbai 
^''Toho University, Funabashi 
""Tohoku Gakuin University, Tagajo 
^' Tohoku University, Sendai 
Department of Physics, University of Tokyo, Tokyo 
'''Tokyo Institute of Technology, Tokyo 
Tokyo Metropolitan University, Tokyo 
Tokyo University of Agriculture and Technology, Tokyo 
^"Toyama National College of Maritime Technology, Toyama 
'^''Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 

''" Yonsei University, Seoul 

We report a search for the charmless vector-vector decay — > loK*'^ with 520 x 10^ BB pairs 
collected with the Belle detector at the KEKB e'^e~ collider. We measure the branching fraction in 
units of lO"*^: Z3(S° ajK*") = 1.2to g ±0.2 (< 2.7), where the first error is statistical, the second 
systematic, and the upper limit is at the 90% confidence level. 



Recently, b — > sqq penguin decays have received much 
attention in the literature. These decays proceed via an 
internal loop diagram and thus are potentially sensitive 
to new types of propagators and couplings. Such de- 
cays have sometimes yielded unexpected results, e.g., the 
b — > suu decay 5° A'+tt" exhibits substantial direct 
CP violation [l|, Q, and the b sss decay B (jyK* 
exhibits large transverse polarization |3| . This latter 
observation implies that non-factorizable contributions 



to the decay amplitude play a significant role. Here we 
search for the b sdd decay i3° uK*^ (Fig. [T]), 
which has not yet been observed [R 0]. The expected 
standard model (SM) rate is small [7[, and observing an 
enhancement above this rate could indicate new physics. 
Furthermore, — > ojK*'^ decays can be useful for de- 
termining the Cabibbo-Kobayashi-Maskawa (CKM) Q 
angle 03 (= 7) @- 

This analysis uses 479 fb^^ of data containing 520 x 10^ 
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BB pairs. The data was collected with the Belle detec- 
tor [l^ at the KEKB [llj e~^e~ asymmetric-energy (3.5 
GeV on 8.0 GeV) collider with a center-of-mass (CM) 
energy at the T{4S) resonance. The production rates of 
B'^B^ and B^B~ pairs are assumed to be equal. 

The Belle detector is a large-solid-angle spectrometer. 
It consists of a silicon vertex detector (SVD), a 50-layer 
central drift chamber (CDC), an array of aerogel thresh- 
old Cherenkov counters (ACC), time-of- flight scintilla- 
tion counters (TOF). and an electromagnetic calorime- 
ter comprised of CsI(Tl) crystals located inside a super- 
conducting solenoid coil that provides a 1.5 T magnetic 
field. An iron flux return located outside the coil is in- 
strumented to detect K'^ mesons and to identify muons 
(KLM). 

The S-daughter candidates are reconstructed through 
their decays w — » 7r+7r~7r°, K*^ — > K~^Tr~ and 7r° 
77 ^ charged track is identified as a pion or kaon 
by combining information from the CDC, ACC and TOF 
systems. We reduce the number of poor quality tracks by 
requiring that \dz\ < 4.0 cm and dr < 0.2 cm, where \dz\ 
and dr are the closest approach of a track to the interac- 
tion point in the z-direction and in the transverse plane, 
respectively. In addition, we require that each charged 
track have a transverse momentum pT > 0.1 GeV/c and 
a minimum number of SVD hits. Tracks matched with 
clusters in the ECL that are consistent with an electron 
hypothesis are rejected. 

Candidate n'^ mesons are reconstructed from pairs of 
photons, where the energy of each photon in the labora- 
tory frame is required to be greater than 100 McV for the 
ECL endcap regions (17° < 6^ < 32° or 129° <9 < 150°) 
and 50 MeV for the ECL barrel region (32° <e < 129°), 
where denotes the polar angle with respect to the beam 
axis. We select tt*^ mesons with an invariant mass in the 
range 0.1178 GeV/c^ < M-^^ < 0.1502 GeV/c^ and a mo- 
mentum in the laboratory frame p^o > 0.39 GcV/c. 

We define tu and K*° signal regions 0.73 GeV/c^ < 
AU^^ < 0.83 GeV/c2 and 0.755 GeV/c^ < Mk^ < 
1.050 GeV/c^, respectively. In the maximum-likelihood 
(ML) fit described below, the K*'^ fit region extends 
to 0.755 GeV/c2 < Af^^ < 1.250 GeV/c^ to allow for 
greater discrimination between signal — > wif *° and 
non-resonant B'^ — > ujK~^Tr~ decays. To reduce combina- 
torial background arising from low-momentum kaons and 
pions, we require that cos^i^Tr > —0.8, where Oktt is the 
angle between the direction of the K'^ and the direction 
opposite to the momentum in the K*^ rest frame. 

Candidate B° — > ojK*^ decays are identified using the 
energy difference { A.E) and the beam-energy-constrained 
mass (Mbc). They are defined as AE = Eb — i^bcam and 
Mbc = V-E^oam ~Pb^ where E^beam denotes the beam 
energy and Eb and pB denote the energy and momen- 
tum, respectively, of the candidate B-meson, all evalu- 
ated in the e+e~ CM frame. We select events satisfying 
\AE\ < 0.2 GeV and 5.20 GeV/c^ < Mbc < 5.29 GeV/c^, 



and define signal regions —0.10 GeV < AE' < 0.06 GeV 
and 5.27 GeV/c^ < Mbc < 5.29 GcV/c^. 

The dominant source of background arises from ran- 
dom combinations of particles in continuum e"*'e~ qq 
events {q = u, d, s, c). To discriminate spherical- like BB 
events from jet-like qq events, we use event-shape vari- 
ables, specifically, 16 modified Fox-Wolfram moments 
combined into a Fisher discriminant, [l3| . Additional 
discrimination is provided hy 0b, the polar angle in the 
CM frame between the B direction and the negative di- 
rection of the positron beam axis. True B mesons follow 
a 1 — cos^ 0B distribution, while candidates in the contin- 
uum are approximately uniformly distributed in cos 0b- 
The displacement along the beam axis between the sig- 
nal B vertex and that of the other B, Az, is also used. 
This variable provides discrimination against continuum 
events, whose tracks typically have a common vertex. 

Further discrimination against continuum background 
is achieved through the use of 6-flavor tagging informa- 
tion. The flavor of the B meson accompanying the signal 
candidate is identified via its decay products: charged 
leptons, kaons, and A's. The Belle tagging algorithm 14 1 
yields the flavor of the tagged meson, q (= ±1), and a 
flavor-tagging quality factor, r. The latter ranges from 
zero for no flavor discrimination to one for unambiguous 
flavor assignment. For signal events, q is usually consis- 
tent with the flavor opposite to that of the signal B, while 
it is random for continuum events. Thus, the quantity 
qrFB is used to separate signal and continuum events, 
where Fb is the flavor of the signal B as indicated by 
the charge of the final state kaon: Fb = +1(— 1) for B'^ 

m. 

We use Monte Carlo (MC) simulated signal [l5| and 
data sideband events (defined as 5.20 GeV/c^ < Mbc < 
5.26 GeV/c2, \AE\ < 0.2 GeV) to form T and obtain 
the COS0B, Az and qrFB distributions. Our signal MC 
is generated to be 50% longitudinally polarized (/l = 
0.5). Probability density functions (PDFs) derived from 
JF, the COS0B distributions, and the Az distributions 
are multiplied to form signal (Cg) and continuum back- 
ground (>C^^) likelihood functions. These are combined 
to form a likelihood ratio TZ = Cg/{£g + C^-^). We di- 
vide the events into six bins of qrFs and determine the 
optimum 72, selection criteria for each bin by maximizing 




d d 
FIG. 1: Penguin diagram for —^ uK*'^ decays. 
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FIG. 2: Projections of (a), Mbc (b), M^^^ (c) and Mk-^t 
(d) for events in the signal region of the other three variables. 
The solid curve is the fit function, the dashed curve is the 

— > LoK*^ component, the dot-dashed curve is the B" 
uK'^TT^ component, and the dotted curve is the sum of the 
qq, b ^ c and b ^ s,u,d components. 



^sl V-^s + -^BG^ where A/'g is the number of signal MC 
events in the signal region, and J^^q is the number of 
background events estimated to be in the signal region 
by extrapolating from the data sideband. This optimiza- 
tion preserves 50% of the signal while rejecting 99% of 
the continuum background. 

After all selection requirements, 12% of events in the 
signal MC have more than one candidate. We choose the 
best candidate in an event to be the one that minimizes 
the quantity \Mjry — M^o\. From MC simulation, wc find 
that 8.5% of signal decays have at least one particle incor- 
rectly identified but pass all selection criteria. We refer 
to these as "self-cross-fced" (SCF) events. The remaining 
signal events, from correctly reconstructed loK*'^ 
decays, arc referred to as "true-signal" decays. 

Wc obtain the signal yield using a four-dimensional ex- 
tended unbinned ML fit to AE, Mbc, Mt^t^,, and AIktt- 
The likelihood function consists of the following com- 
ponents: true-signal decays, SCF events, non-resonant 
luKtt decays, continuum background (qq), charm B- 
decay background (6 — > c) , and charmless i?-decay back- 
ground (b — > s, u, d). For all components, no sizable cor- 
relations are found among the fitted quantities. The PDF 
for event i and component j is defined as 

V} - V,iAE^)V,{MUr,{Ml,,)r,{Mk.). (1) 

For the true-signal, non-resonant, and peaking com- 
ponents of the qq and b —y s,u, d backgrounds, the K*'^ 



and uj resonances are modeled with Breit-Wigner func- 
tions whose widths are fixed to their PDG [l6| values. 
The Breit-Wigner used to describe the to resonance is 
convolved with a Gaussian of cr = 5.7 MeV to account 
for the detector resolution. This value, along with the 
means for both resonances and the fraction of peaking qq 
background events, are obtained from one-dimensional 
fits to Mkw and Mtttttt for events in the data sideband 
region. 

All other parameters are obtained from MC simula- 
tion. For the true-signal and non-resonant com pon ents, 
the sum of a Crystal Ball line shape (CBLS) [17| and 
Gaussian with a common mean is used to describe AE, 
and the sum of two Gaussians with a common mean is 
used to describe Mbc. To take into account small differ- 
ences between the MC and data, the Mbc- AE shapes 
for the true-signal and non-resonant PDFs are corrected 
according to calibration factors determined from large 
B'^ D~p'^, D~ — > K'^TT^TT^ control samples in data 
and MC. To describe the non- resonant Mktv component, 
we use a second-order Chebyshev polynomial. The SCF 
events are modeled with non-parametric PDFs using Ker- 
nel Estimation (T^]. 

The Mbc PDF for qq background is modeled by a 
threshold ARGUS function. A first-order Chebyshev 
polynomial is used to model AE and the combinatorial 
components of M-^-^t^; and Mk-k- The PDF for — > c is 
the product of an ARGUS function for Aibc, and second- 
order Chebyshev polynomials for AE, Mk-w and M^tttt- 
To model the b ^ s,u,d background we use a fifth-order 
Chebyshev polynomial for AE and a Gaussian plus AR- 
GUS function for Mbc- For the non-pcaking component 
of Mtttttt and Mx-n we use first- and second-order Cheby- 
shev polynomials, respectively. 

The following parameters are allowed to vary in our 
final fit to the data: the true-signal, non- resonant, b ^ c 
and qq yields, and the qq PDF parameters describing the 
AE, A/bc and combinatorial shapes of M^^^-Tr and Mk-k- 
The fraction of SCF events is fixed to be 8.5% of the 
signal. The fraction of b —>■ s,u,d events is very small 
(0.7%) and thus is also fixed in the fit according to the 
predictions of MC simulation. 

The likelihood function for event i is given by 



(2) 
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where Yj is the yield of events from component j and 
is the total number of events in the sample. 

The results of the fit are shown in Fig. [51 We find 
strong peaking in AE, Aibc and A/^tttt, which have shapes 
consistent with those observed in MC simulations. How- 
ever, we do not observe a strong K*'^ resonance. Instead, 
we observe a high density of events in the upper side- 
band of the Mk-r distribution, which the fit assigns to 
non-rcsonant decays. The branching fraction is evalu- 
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TABLE I: Systematic errors for B{B° -» a;A'*°). 
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ated using the following quantities: = 15.1_]^q q, 

the signal yield; e = (4.48 ± 0.03) x 10"^, the signal effi- 
ciency; Etrack = 0.94±0.01, an efficiency correction for the 
charged track selection that takes into account small dif- 
ferences between MC and data; (520 ±6) x 10®, the num- 
ber of BB pairs produced; and Jl'^j ~ 0-59 i 0.01 {i = 
K*^ , w, TT*^), the product of daughter branching fractions. 

The sources of systematic error are listed in Table HI 
The errors on the PDF shapes are obtained by varying 
all fixed parameters by ilcr. To obtain the error on the 
SCF and b s,u,d fractions, we vary the normaliza- 
tions by ±50%. The effect of a possible fit bias due to 
floating the non-resonant toKir normalization is obtained 
by fitting ensembles of simulated experiments contain- 
ing varying sets of signal and non-resonant events. We 
consider the effects of higher K*'^ resonances by calcu- 
lating the fractional change in our signal yield when we 
include a PDF for B° u;i^*°(1430), whose yield is 
fixed to 1.0 event, as determined by extrapolating from 
a higher-mass region. The dependance of the acceptance 
on is obtained by varying from to 1.0. To ob- 
tain the uncertainty on the selection efficiency of the TZ 
requirement, we vary the TZ thresholds, and we also cal- 
culate the data/MC efficiency ratio for the i?" D~ p'^, 
D~ K~^TT~TT~ control sample. 

Our final result for the branching fraction based on 
520 X 10® BB pairs is 

S(B° ^ c^A-*") = [1.2t;]| ± 0.2 (< 2.7)] X 10-®, (3) 

where the first error quoted is statistical, the second sys- 
tematic, and the upper limit is taken to be the branch- 
ing fraction corresponding to 90% of the total integral 
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FIG. 3: Signal yields obtained from the AE-Mhc distribution 
in bins of Mktv for events in the u) signal region. The solid 
curve is the fit function, the dashed curve is the B° u}K*° 
component, and the dot-dashed curve is the — > u!K'^ir~ 
component. 



of the likelihood function in the positive branching frac- 
tion region. The systematic error is included by con- 
volving the likelihood function with a Gaussian hav- 
ing a standard deviation equal to the systematic uncer- 
tainty. The statistical significance of the signal, defined 
as •^— 21n(£o /^ma.x), where £max (-^o) is the value of the 
likelihood function when Y^j^,o is allowed to vary (set to 
0), is 1.6(7. 

To verify the large non-resonant contribution, we fit 
the background-subtracted Mktt distribution to extract 
the signal yield. To obtain this distribution, we bin the 
data in AIktt from [0.75, 1.25] GeV/c^ and, for each bin, 
perform a two-dimensional extended unbinned ML fit to 
AE and il/bc- The likelihood function consists of three 
components: signal + non-resonant, qq + b —> c, and 
b ^ s,u, d. We use a single PDF to describe the signal 
+ non-resonant component, since their individual shapes 
are almost identical in AE and Mbc- A single PDF is also 
used to model qq + b ^ c, since in several of the bins, 
the statistics are too low to model them independently. 
The AE and Afbc PDFs for the signal + non-resonant 
and b —^ s, u, d components are identical to those used in 
the four-dimensional fit, with the exception that here, we 
do not model the true-signal and SCF events separately. 
For the qq + b ^ c PDF, we use a first order Chebyshev 
polynomial for AE and an ARGUS function for Mbc. We 
fix the shapes of the signal -I- non-resonant and b —>■ s,u,d 
components from MC simulation. In the final fit, we fix 
the fraction of 6 — > s, u, d, while allowing the other two 
normalizations, and the AE and Mbc shapes of the qq + 
b ^ c PDF, to vary. 

The results are shown in Fig. [3l We perform a fit 
to this background-subtracted Mktt distribution. The 
Breit-Wigner shape is obtained in the same way as for 
the four-dimensional fit. For the non- resonant compo- 
nent, we use a fourth-order Chebyshev polynomial. In 
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the final fit, we fioat the non- resonant shape parame- 
ters along with the fractional signal yield. We obtain 
'^u:K*° I {YuiK'O+YujK'k) — (9. 3±10. 6)%, which is very sim- 
ilar to the result of the four-dimensional fit: (10.3^7 q)%. 

In summary, we present a measurement of the branch- 
ing fraction of 5° ujK*^ decays using 520 x 10^ 
BB pairs. The statistical significance of our signal 
yield is only 1.6a, and thus we set an upper limit of 
B <2.7x 10-^ at the 90% C.L. Our result is in agreement 
with theoretical estimates Q- The limit obtained is be- 
low the previous constraint from BaBar @] by a factor of 
1.6. In addition, we observe a large rate for non-resonant 
B^ — > ujK^tt~ decays. 
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